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PDQXIDFWXUHG XVLQJ VWHHO SODWH RI WKH VDPH FRLO ZLGWK DQG WKLFNQHVV DQG IDLOHG GXH WR LQWHUDFWLRQ
EHWZHHQORFDODQGGLVWRUWLRQDOEXFNOLQJ7KHJHRPHWULFLPSHUIHFWLRQVRIWKHLQGLYLGXDOFKDQQHOVDV
ZHOO DV WKRVH RI WKH EDFNWREDFN VSHFLPHQV ZHUH UHFRUGHG XVLQJ D VSHFLDOO\ GHVLJQHG SUHFLVLRQ
PHDVXUHPHQWULJ7HQVLOHFRXSRQVZHUHDOVRH[WUDFWHGIURPERWK WKHIODWDQGFRUQHUUHJLRQVRI WKH
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ZKLOH GRXEOH V\PPHWU\ LV GLIILFXOW WR REWDLQ 7KLV PHDQV WKDW LQ PRVW FDVHV LW LV GLIILFXOW RU
SUDFWLFDOO\ LPSRVVLEOH WR DSSO\ WKH ORDG DW WKH VKHDU FHQWHU RI WKH FURVVVHFWLRQ 7KLV UHVXOWV LQ
DGGLWLRQDO WRUVLRQ LQ WKHVH PHPEHUV ZKLOH WKHLU RSHQ FURVVVHFWLRQ RQO\ DIIRUGV ORZ WRUVLRQDO
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VHFWLRQZLWKVLPSOHDQGFRPSOH[HGJHVWLIIHQHUV>@&)6EDFNWREDFNVHFWLRQVZKLFKDUHPDGH
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&KL >@  RQ EDFNWREDFN &)6 EHDPV XQGHU WKH PRQRWRQLF DQG F\FOLF ORDG $Q H[SHULPHQWDO DQG
QXPHULFDO VWXG\RQ WKH EHKDYLRXU &)6 EXLOWXS EHDP PHPEHUV ZDV FRQGXFWHG E\ /DtP HW DO >@
ZKLFK IRXQG WKDW WKH EHKDYLRXU RI WKRVH EHDPV ZDV VLJQLILFDQWO\ DIIHFWHG E\ WKH GLVWULEXWLRQ RI
VFUHZV DQG WKH LQWHUDFWLRQ RI ORFDOGLVWRUWLRQDO DQG ODWHUDOWRUVLRQDO EXFNOLQJ ,Q VRPH RI WKH
VSHFLPHQVZLWKRXW ORDG WUDQVIHUSODWHVZHEFULSSOLQJRFFXUUHGGXH WR ORDGFRQFHQWUDWLRQDV LV WKH
IDLOXUH SKHQRPHQD LQGLFDWHG LQ >@ 0DQLNDQGDQ HW DO >@ VWXGLHG WKH EHQGLQJ EHKDYLRXU RI
LQQRYDWLYH&)6EDFNWREDFNFKDQQHOVHFWLRQVZLWKIROGHGIODQJHDQGFRPSOH[HGJHVWLIIHQHUVERWK
H[SHULPHQWDOO\DQGQXPHULFDOO\DQGVKRZHG WKDWVHFWLRQVZLWKFRPSOH[HGJHVWLIIHQHUVDQGIROGHG
IODQJHV KDG WKH PD[LPXP EHQGLQJ VWUHQJWK :DQJ DQG <RXQJ >@ LQYHVWLJDWHG WKH EHKDYLRXU RI
VLPSO\VXSSRUWHGEXLOWXSVHFWLRQEHDPVZLWKGLIIHUHQWZHELQWHUPHGLDWHVWLIIHQHUVXQGHUIRXUSRLQW
EHQGLQJ DQG WKUHHSRLQW EHQGLQJ WHVWV 8VLQJ YDOLGDWHG DQG H[WHQGHG QXPHULFDO VWXG\ >@ WKH
EHKDYLRXUDQGGHVLJQUXOHIRUEXLOWXSVHFWLRQEHDPZHUHSUHVHQWHG3RRORJDQDWKDQDQG0DKHQ>@
VWXGLHGWKHVKHDUEHKDYLRXUDQGVWUHQJWKRIDQLQQRYDWLYH/LWH6WHHO%HDPVHFWLRQZLWKER[IODQJHV
WKH VSHFLPHQV ZHUH WHVWHG LQ ERWK D VLQJOH DQG EDFNWREDFN FRQILJXUDWLRQ DQG LW ZDV IRXQG WKDW
VLJQLILFDQWLPSURYHPHQWRIVKHDUVWUHQJWKZDVREWDLQHGFRPSDUHGWRFRQYHQWLRQDOOLSSHGFKDQQHO
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,Q SDVW RSWLPLVDWLRQ VWXGLHV WKH VWUHQJWK FDSDFLWLHV RI VHOHFWHG SURWRW\SHV ZHUH FRQYHQWLRQDOO\
GHWHUPLQHGXVLQJWKHFRQYHQWLRQDO³HIIHFWLYHZLGWKPHWKRG´>@ .DULP>@RSWLPLVHGKDW,
DQG=VKDSHV FURVVVHFWLRQVXVLQJ WKHQHXWUDO QHWZRUNPHWKRG/HH HW DO > @ LQYHVWLJDWHG WKH
RSWLPXPGHVLJQRIFKDQQHOEHDPVDQGFROXPQVE\XVLQJWKHPLFURJHQHWLFDOJRULWKPV7LDQDQG/X
>@LQYHVWLJDWHGWKHPLQLPXPZHLJKWRIWKHFROGIRUPHG&FKDQQHOVHFWLRQVZLWKDQGZLWKRXW OLSV
ZLWKDIL[FRLOZLGWKVXEMHFWHGWRDSUHVFULEHGD[LDOFRPSUHVVLYHORDG7KH³GLUHFWVWUHQJWKPHWKRG´
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WKH'60ZLWKWKHJUDGLHQWEDVHGVWHHSHVWGHVFHQWPHWKRGDVZHOODVJHQHWLFDQGVLPXODWHGDQQHDOLQJ
DOJRULWKPVWRREWDLQ&)6VHFWLRQVZLWKPD[LPXPFDSDFLW\/HQJHWDO>@H[WHQGHGWKLVPHWKRGE\
LQFRUSRUDWLQJ FRQVWUDLQWV RQ WKH QXPEHU RI EHQW UROOHUV ZKLFK UHVXOWHG LQ UHGXFHG PDQXIDFWXULQJ
FRVWV0DGHLUDHWDO >@FRQGXFWHGPXOWLREMHFWLYHRSWLPLVDWLRQRI&)6HOHPHQWV LQFRPSUHVVLRQ
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0RUH UHFHQWO\ &)6 FKDQQHO FROXPQV ZLWK LQWHUPHGLDWH 9VKDSHG ZHE VWLIIHQHUV DQG UHWXUQ OLS
VWLIIHQHUVZHUHWHVWHGEHWZHHQSLQHQGHGERXQGDU\FRQGLWLRQVE\:DQJHWDO>@7KHUHVXOWVRIWKH
LQYHVWLJDWLRQLQGLFDWHGWKDWDFRPELQDWLRQRIZHEDQGHGJHVWLIIHQHUVKDYHWKHSRWHQWLDO WR LQFUHDVH
WKHXOWLPDWHVWUHQJWKRI&)6FKDQQHOFROXPQVE\XS WR7KHVH UHVXOWVKLJKOLJKW WKHVFRSH IRU
RSWLPLVDWLRQ UHVHDUFK RQ &)6 VWUXFWXUHV DQG WKH SRWHQWLDO EHQHILWV ZKLFK FDQ EH JDLQHG IURP
GHYHORSLQJFURVVVHFWLRQDOVKDSHVZLWKLPSURYHGVWUXFWXUDOFDSDFLW\$QDVSHFWRIRSWLPLVDWLRQZDV
WKHUHIRUH LQFOXGHG LQ WKH UHVHDUFK SUHVHQWHG LQ WKLV SDSHU +RZHYHU WKH DYDLODEOH WHVWV RQ &)6
VHFWLRQVZHUHJHQHUDOO\GHVLJQHGIRUWKHGHYHORSPHQWRIGHVLJQJXLGDQFHIRU&)6VSHFLPHQVZKLOH
QRFRPSDULVRQVEHWZHHQVWDQGDUGDQGRSWLPLVHGVHFWLRQVZHUHSUHVHQWHG7KHUHIRUHQHZO\SURSRVHG
FURVVVHFWLRQDOVKDSHVDUHQRWXVXDOO\RSWLPLVHGRQWKHEDVLVRIGHWDLOHGH[SHULPHQWDOYDOLGDWLRQDQG
FDOLEUDWLRQDQGDGLUHFWFRPSDULVRQRIRSWLPLVDWLRQUHVXOWVZLWKDFWXDOH[SHULPHQWVRQVWUHQJWKDQG
GHIOHFWLRQVRI&)6EHDPVKDVQRWEHHQFDUULHGRXWWRGDWH
7KLVSDSHUSUHVHQWVDQH[SHULPHQWDOSURJUDPPHFRPSULVHGRIVL[EDFNWREDFN&)6EHDPVHDFK
DVVHPEOHGIURPWZROLSSHGFKDQQHOV LQDEDFNWREDFNFRQILJXUDWLRQ7KHEXLOWXSVSHFLPHQVZHUH
WHVWHG LQ IRXUSRLQW EHQGLQJ DQG ZHUH GHVLJQHG WR IDLO GRPLQDQWO\ E\ LQWHUDFWLRQ RI ORFDO DQG
GLVWRUWLRQDOEXFNOLQJLQWKHFRQVWDQWPRPHQWUHJLRQ,WLVQRWHGWKDWWKLVH[SHULPHQWDOSURJUDPPHLV
SDUWRIDZLGHUVWXG\LQWRWKHRSWLPLVDWLRQRI&)6PHPEHUV>@ZKLFKLVZK\DOOFURVVVHFWLRQV
LQ WKH WHVW SURJUDPPH ZHUH PDQXIDFWXUHG XVLQJ WKH VDPH FRLO ZLGWK DQG WKLFNQHVV NHHSLQJ WKH
DPRXQWRIPDWHULDOFRQVWDQWDFURVV WKH WHVW VSHFLPHQ UDQJH+RZHYHU WKHH[SHULPHQWDO UHVXOWV DUH
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E\WKH(XURFRGHGHVLJQJXLGHOLQHV>@LVDOVRSUHVHQWHG
 6HFWLRQJHRPHWU\DQGODEHOOLQJ
,Q WKH GHVLJQ RI WKH WHVW VSHFLPHQV DQ RSWLPLVDWLRQ IUDPHZRUN ZDV HPSOR\HG ZKLFK ZDV
SUHYLRXVO\ GHYHORSHG E\ WKH DXWKRUV > @ IRU WKH SXUSRVH RI JHQHUDWLQJ PRUH HIILFLHQW &)6
HOHPHQWV LQ EHQGLQJ 7KH SURSRVHG RSWLPLVDWLRQ IUDPHZRUN SUHGLFWV WKH XOWLPDWH FDSDFLW\ RI &)6
HOHPHQWV DFFRUGLQJ WR (1   7KH WRWDO GHYHORSHG OHQJWK RI WKH FURVVVHFWLRQ FRLO
ZLGWKDQGWKHWKLFNQHVVDQGFRQVHTXHQWO\ WKHWRWDODPRXQWRIPDWHULDOZHUHNHSWFRQVWDQW LQ WKH
RSWLPLVDWLRQ SURFHGXUHV ,Q  WKH UHVHDUFK E\ <H HW DO > @ WKH IUDPHZRUN ZDV VXFFHVVIXOO\
DSSOLHG WR REWDLQ RSWLPXP &)6 EHDP VHFWLRQV ZLWKLQ (XURFRGH  GHVLJQ UHTXLUHPHQWV DQG
PDQXIDFWXULQJ DQG FRQVWUXFWLRQ FRQVWUDLQWV ,Q RUGHU WR DSSO\ WKH IUDPHZRUN WR GHVLJQ WKH WHVWHG
VSHFLPHQV IRU WKLV SDSHU DQG WR YHULI\ WKH RSWLPLVDWLRQ SURFHVV WKH IROORZLQJ REMHFWLYH IXQFWLRQ
QHHGHGWREHPD[LPL]HG
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ZKHUH F 5G0 LV WKHEHQGLQJFDSDFLW\ HII: LV WKHHIIHFWLYHPRGXOXVRI WKHFURVVVHFWLRQFRQVLGHULQJ
WKHORFDOGLVWRUWLRQDOEXFNOLQJDQGWKHLQHODVWLFVWUHQJWKUHVHUYHRIWKHFURVVVHFWLRQDVH[SODLQHGLQ
6HFWLRQ /7F LVWKHUHGXFWLRQIDFWRUWDNHQLQWRDFFRXQWWKHODWHUDOWRUVLRQDOEXFNOLQJDQGLVGHILQHG
LQ GHWDLO LQ 6HFWLRQ  K LV WKH FURVVVHFWLRQDO KHLJKW DQG E DQG F DUH WKH IODQJH DQG OLS ZLGWK
UHVSHFWLYHO\W LVWKHWKLFNQHVVRI WKHFURVVVHFWLRQZKLOH \I LV WKH\LHOGVWUHVVRI WKHPDWHULDOXVHG
(TV DQG  UHSUHVHQW WKH ZLGWKWRWKLFNQHVV UDWLR OLPLWV GHILQHG LQ (&>@ (T LV XVHG WR
WDNHLQWRDFFRXQWWKHPDQXIDFWXULQJDQGFRQVWUXFWLRQFRQVWUDLQWV
 
(TLPSRVHVDFRQVWUDLQWRQWKHXSSHUOLPLWRIGHIOHFWLRQȴOLP // PPLVWKHEHDP
VSDQRIWKH&)6EHDPV>@$ORDGIDFWRURI LVXVHGZKHQFDOFXODWLQJWKHGHIOHFWLRQV
' XVLQJ HIIHFWLYH FURVVVHFWLRQ DFFRUGLQJ WR (XURFRGH  > @ ZKLFK PHDQV WKH GHIOHFWLRQ LV
REWDLQHGE\XVLQJDPRPHQWUDWLRRI V F 5G0 0 7KLVLVGXHWRWKHIDFWWKDWLQWKHXOWLPDWHOLPLW
VWDWHGHVLJQRI&)6EHDPVWKHSDUWLDOIDFWRURILVXVHGIRUWKHGHDGORDGZKLOHLVXVHGIRUWKH
OLYH ORDG+RZHYHU WKHSDUWLDO IDFWRUVDUH IRUVHUYLFHDELOLW\ OLPLWVWDWHGHVLJQ$ ORDG IDFWRURI
 PHDQVDVOLJKWO\ODUJHUGHIOHFWLRQZLOOEHFDOFXODWHGZKLFKFDQEHLQWKHVDIHVLGHZLWKD
VOLJKWO\ ORZHU IDFWRU  XVHG IRU OLYH ORDG LQVWHDG RI  :KHQ FDOFXODWLQJ WKH GHIOHFWLRQ D
XQLIRUP EHQGLQJ PRPHQW LV DSSOLHG DW ERWK HQGV RI D VLPSO\VXSSRUWHG EHDP :KLOVW WKHVH
FRQVWUDLQWVPLJKWSUHYHQWDJOREDORSWLPXPEHLQJUHDFKHGWKH\LOOXVWUDWHYHU\ZHOOWKHFDSDELOLWLHVRI
WKHSUHYLRXVO\SURSRVHGRSWLPLVDWLRQIUDPHZRUN>@WRLQFRUSRUDWHYDULRXVSUDFWLFDOOLPLWDWLRQV
'XULQJWKHRSWLPLVDWLRQSURFHVVLWZDVIRXQGWKDWORFDOGLVWRUWLRQDOEXFNOLQJUHVLVWDQFHLVGRPLQDQW
ZKLOVWWKHHIIHFWRIODWHUDOWRUVLRQDOEXFNOLQJDQGGHIOHFWLRQOLPLWVDUHPLQRUWKLVLVLOOXVWUDWHGE\WKH
WHVWUHVXOWVSUHVHQWHGODWHU
7KH EDFNWREDFN VSHFLPHQV ZHUH DVVHPEOHG XVLQJ OLSSHG FKDQQHOV ZLWK WKUHH GLIIHUHQW FURVV
VHFWLRQDO JHRPHWULHV $OO FKDQQHOV ZHUH IDEULFDWHG E\ EUDNH SUHVVLQJ D SUHJDOYDQL]HG VWHHO VKHHW
ZLWKDZLGWKRIPPDQRPLQDOWKLFNQHVVRIPPDQGD]LQFFRDWLQJRIPPWKLFNQHVV7KH
QRPLQDO \LHOG VWUHVV RI WKH VKHHW ZDV I\  03D DV SUHVHQWHG LQ WKH RSWLPLVDWLRQ IUDPHZRUN LQ
(TV7KHEDFNWREDFNEHDPVKDGDWRWDOOHQJWKRIPPDQGDGLVWDQFHEHWZHHQWKHHQG
VXSSRUWVRIPP0]LQFSODWHGEROWVWLJKWHQHGZLWKDFRQVWDQWWRUTXHRI1 ?PZHUHXVHG
WRFRQQHFWWKHLQGLYLGXDOFKDQQHOVHFWLRQVWKURXJKWKHZHEDVLOOXVWUDWHGLQ)LJXQGHUWKHORDGLQJ
SRLQWVDQGRYHUWKHHQGVXSSRUWV7KHEROWKROHVZLWKVWDQGDUGEROWKROHVL]HRIPPZHUHGULOOHG
LQWRWKHZHEVRIWKHVSHFLPHQVDVVKRZQLQ)LJ


 
)LJ6\PEROGHILQLWLRQVDQGQRPLQDOFURVVVHFWLRQDOGLPHQVLRQV



)LJ%ROWKROHDUUDQJHPHQWLQWKHWHVWHGEHDPV

(DFKEDFNWREDFNVSHFLPHQZDVODEHOOHGDFFRUGLQJWRLWVFURVVVHFWLRQXVLQJWKHOHWWHUV$%RU&
)LJIROORZHGE\WKHKHLJKWRIWKHFURVVVHFWLRQLQPP$VHDFKWHVWZDVUHSHDWHGWKHQXPEHUV
DQGZHUHXVHGWRGLIIHUHQWLDWHEHWZHHQWKHILUVWDQGVHFRQGWZLQVSHFLPHQ)RUHDFKEDFNWREDFN
VSHFLPHQWKHOHWWHUVµD¶DQGµE¶ZHUHXVHGWRUHIHUWRWKHLQGLYLGXDOFKDQQHOVZKLFKIRUPHGWKHEDFN
WREDFNFURVVVHFWLRQ
7KHFURVVVHFWLRQDOGLPHQVLRQVRIHDFKFKDQQHOZHUHPHDVXUHGSULRUWRWKHLUDVVHPEODJH7DEOHV
OLVWWKHPHDVXUHGGLPHQVLRQVRIWKHWHVWVSHFLPHQVXVLQJWKHQRPHQFODWXUHLOOXVWUDWHGLQ)LJXUH
$OO WKH UHSRUWHG YDOXHV FRUUHVSRQG WR RXWHU GLPHQVLRQV DQG WKH\ DUH WKH DYHUDJHV RI VHYHUDO
PHDVXUHPHQWVWDNHQDORQJWKHOHQJWKRIWKHFKDQQHOV7KHFDOFXODWHGJURVVFURVVVHFWLRQDOPRPHQWRI
LQHUWLDRIWKHVHFWLRQVLVGHQRWHGE\,\DQGLVDOVROLVWHGLQ7DEOHV

7DEOH0HDVXUHGGLPHQVLRQVRIVSHFLPHQVZLWKFURVVVHFWLRQ$
6SHFLPHQ &KDQQHO UPP
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7DEOH0HDVXUHGGLPHQVLRQVRIVSHFLPHQVZLWKFURVVVHFWLRQ%
6SHFLPHQ &KDQQHO UPP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7DEOH0HDVXUHGGLPHQVLRQVRIVSHFLPHQVZLWKFURVVVHFWLRQ&
6SHFLPHQ &KDQQHO UPP
W
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
K
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
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
7KHVRIWZDUHSDFNDJH&8)60>@ZKLFKLPSOHPHQWVWKHILQLWHVWULSPHWKRGZDVPRGLILHGWR
EHDEOHWRH[WUDFW WKHLQGLYLGXDOEXFNOLQJPRGHVDQGXVHGWRGHWHUPLQHWKHFULWLFDOHODVWLFEXFNOLQJ
PRPHQWRI HDFK W\SHRI FURVVVHFWLRQ DV VKRZQ LQ )LJ  7KH VLJQDWXUH FXUYHV ZHUH REWDLQHG E\
XVLQJ WKH QRPLQDO GLPHQVLRQV DQG WKLFNQHVV IRU D VLQJOH FKDQQHO ,W LV VHHQ WKDW WKH ORFDO DQG
GLVWRUWLRQDOEXFNOLQJEHQGLQJPRPHQWVRI$FURVVVHFWLRQVHULHVDUHDOPRVWDWWKHVDPHOHYHOIRUDOO
FURVVVHFWLRQVOLVWHGLQ7DEOH WKLV LQGLFDWHV WKDW WKHLQWHUDFWLRQRIORFDODQGGLVWRUWLRQDOEXFNOLQJ
FRXOGKDSSHQ)RU%FURVVVHFWLRQVHULHVWKHORFDOEXFNOLQJEHQGLQJPRPHQWLVFULWLFDOFRPSDUHGWR
WKHGLVWRUWLRQDOEXFNOLQJEHQGLQJPRPHQW,WLVDOVRVHHQWKDWWKHORFDOEXFNOLQJEHQGLQJPRPHQWRI
& FURVVVHFWLRQ VHULHV VLJQLILFDQWO\ H[FHHGV WKH GLVWRUWLRQDO EXFNOLQJ EHQGLQJ PRPHQW 7KLV ZLOO
UHVXOW DPRUH FULWLFDO GLVWRUWLRQDOEXFNOLQJPRGH)RU DOO RI WKH VHFWLRQV WKH ORFDO DQGGLVWRUWLRQDO
EXFNOLQJPRPHQWLVDOZD\VVLJQLILFDQWO\VPDOOHUWKDQWKH\LHOGEHQGLQJPRPHQW7KHHODVWLFJOREDO
EXFNOLQJPRPHQWVDUHDOVRLQGLFDWHGLQWKHGLDJUDPVIRUYDULRXVEHDPVSDQVDQGLWLVVKRZQWKDWWKH
ODWHUDOWRUVLRQDOEXFNOLQJLVQRWGRPLQDQWIRUDOOWKHVHFWLRQVZLWKDVSDQRI/ PP

 





)LJ6LJQDWXUHFXUYHVREWDLQHGIURP&8)60IRUFURVVVHFWLRQV$%DQG&IRUVLQJOHFKDQQHOV

 
 0DWHULDOSURSHUWLHV
$OOVSHFLPHQVZHUHPDQXIDFWXUHGXVLQJDFRQYHQWLRQDOSUHVVEUDNLQJSURFHVV$VHULHVRIWHQVLOH
FRXSRQVZHUHWHVWHGLQRUGHUWRGHWHUPLQHWKHPDWHULDOSURSHUWLHVRIWKHWHVWVSHFLPHQV)RUHDFKW\SH
RIOLSSHGFKDQQHOXVHGWRFRQVWUXFWWKHEDFNWREDFNVSHFLPHQVRQHIODWFRXSRQZDVH[WUDFWHGIURP
WKH FHQWHU OLQHRI WKHZHE7ZR FRUQHU FRXSRQV ZHUH DOVR WDNHQ IURP WKHZHEIODQJH MXQFWLRQV LQ
RUGHU WR GHWHUPLQH WKH HIIHFW RI WKH FROGZRUNLQJ SURFHVV RQ WKH PDWHULDO SURSHUWLHV $OO FRXSRQV
ZHUH WDNHQ IURP WKH HQG SRUWLRQV RI WHVW VSHFLPHQV DIWHU WKH\ ZHUH WHVWHG VLQFH WKH EHDPV ZHUH
VXEMHFWWRVWUDLQVLQWKHVHUHJLRQVZKLFKZHUHORZHQRXJKQRWWRDOWHUWKHPDWHULDOSURSHUWLHVRIWKH
VWHHO
7KHIODWFRXSRQVKDGDQRPLQDOJDXJHOHQJWKRIPPDQGDZLGWKRIPPDQGHDFKRIWKHP
ZDVLQVWUXPHQWHGZLWKDPPH[WHQVRPHWHUDQGWZRPPVWUDLQJDXJHVRQHRQHDFKVLGHRIWKH
FRXSRQ)LJD7KHFRUQHUFRXSRQVKDGDQRPLQDOJDXJHOHQJWKRIPPDQGDZLGWKRIPP
DQGZHUH WHVWHG LQSDLUV WR DYRLG LQWURGXFLQJXQZDQWHGEHQGLQJPRPHQWVGXH WR WKHLU DV\PPHWULF
FURVVVHFWLRQDOVKDSH(DFKSDLURIFRUQHUFRXSRQVZDVLQVWUXPHQWHGZLWKDPPH[WHQVRPHWHUDQG
DPPVWUDLQJDXJHDWWDFKHGWRWKHRXWVLGHRIHDFKFRXSRQDVVKRZQLQ)LJE

 
)LJ7HQVLOHPDWHULDOWHVWVIRUDIODWFRXSRQVEFRUQHUFRXSRQV

7KHFRXSRQVZHUHWHVWHGLQDFFRUGDQFHZLWKWKHVSHFLILFDWLRQVRIWKHUHOHYDQW(XURSHDQVWDQGDUG
,62(>@7DEOHOLVWVWKHYDOXHVRIWKHPDWHULDOSURSHUWLHVREWDLQHGIRUHDFKIODWFRXSRQ
RU VHW RI FRUQHU FRXSRQV ZKHUH ( LV WKH <RXQJ¶V PRGXOXV I\ LV WKH  SURRI VWUHVV ıX LV WKH
XOWLPDWHWHQVLOHVWUHQJWKDQGİILVWKHHORQJDWLRQDIWHUIUDFWXUHPHDVXUHGRYHUDJDXJHOHQJWKRI
PP)RUWKHSDLURIFRUQHUFRXSRQVEHORQJLQJWRVHFWLRQ%WKHHORQJDWLRQDIWHUIUDFWXUHUHSRUWHG
LQ 7DEOH  LV ORZHU WKDQ IRU WKH RWKHU FRUQHU FRXSRQV 7KLV LV GXH WR WKH IDFW WKDW WKH SODVWLF
GHIRUPDWLRQVRFFXUHGVOLJKWO\RXWVLGHWKHJDXJHOHQJWK WKHUHIRUH WKLV UHVXOW VKRXOGEHGLVUHJDUGHG
ED
 
)LJDOVRSUHVHQWVWKHPHDVXUHGHQJLQHHULQJVWUHVVVWUDLQFXUYHVDQGWKHFDOFXODWHGWUXHVWUHVVVWUDLQ
FXUYHVRIWKHWHVWHGIODWFRXSRQVDQGSDLUVRIFRUQHUFRXSRQVXVLQJWKHIROORZLQJHTXDWLRQV
 WUXHV V H  
 OQ WUXHH H  
ZKHUHV DQGH DUH WKH PHDVXUHG HQJLQHHULQJ VWUHVV DQG VWUDLQ UHVSHFWLYHO\ EDVHG RQ WKH RULJLQDO
FURVVVHFWLRQDUHDRIWKHFRXSRQVSHFLPHQV WUXHV DQG WUXHH DUHWKHFDOFXODWHGWUXHVWUHVVDQGVWUDLQ

7DEOH7HQVLOHSURSHUWLHVRIIODWDQGFRUQHUFRXSRQV
6HFWLRQ 7\SHV (*3D
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
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İI

$ IODW 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
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)LJ6WUHVV±VWUDLQFXUYHVRIWKHIODWDQGFRUQHUFRXSRQVWHVWHGDVDSDLU
 ,PSHUIHFWLRQPHDVXUHPHQWV
*HRPHWULF LPSHUIHFWLRQV PD\ VLJQLILFDQWO\ DIIHFW WKH VWDELOLW\ RI WKLQZDOOHG &)6 PHPEHUV
HVSHFLDOO\ZKHQFRXSOHGLQVWDELOLWLHVDUHLQYROYHG>@)RUWKLVUHDVRQWKHPDJQLWXGHDQGVKDSHRI
WKHLPSHUIHFWLRQVRIHDFKVSHFLPHQZHUHUHFRUGHGEHIRUHWHVWLQJ$VWKHEHDPVZHUHGHVLJQHGWRIDLO
WKURXJK LQWHUDFWLRQRI ORFDODQGGLVWRUWLRQDOEXFNOLQJDORQJ WKHFRQVWDQWPRPHQW VSDQ LQEHWZHHQ
WKHORDGLQJSRLQWVRQO\WKHRXWRISODQHLPSHUIHFWLRQVDORQJWKLVUHJLRQZHUHRILQWHUHVW
7KHWHVWVHWXSVKRZQLQ)LJZDVXVHGWRPHDVXUHWKHVHLPSHUIHFWLRQV$ODVHUZDVPRXQWHGRQ
DQDOXPLQLXPFURVVEHDPZKLFKZDVPRYHGLQWKHORQJLWXGLQDOGLUHFWLRQRIWKHIUDPHDWDFRQVWDQW
VSHHGE\DQHOHFWULFPRWRU$VHFRQGHOHFWULFPRWRUDOORZHGWKHODVHUWRPRYHLQWKHSHUSHQGLFXODU
GLUHFWLRQDORQJ WKHDOXPLQLXPEHDP WKXVHQDEOLQJ WKH ODVHU WRFRYHU D UHFWDQJXODUDUHD7KH ODVHU
ZDVDEOHWRPHDVXUHWKHGLVWDQFHWRWKHVXUIDFHRIWKHWHVWVSHFLPHQVZLWKDQDFFXUDF\RIPP
7KHODVHUPRYHGDORQJKLJKSUHFLVLRQEDUVZLWKPLQLPDOWROHUDQFHVDQGLWVDELOLW\WRPDLQWDLQDOHYHO
PHDVXULQJSODQHZDVYHULILHGDJDLQVWPHDVXUHPHQWVRIWKHQRPLQDOO\IODWWDEOHXQGHUQHDWKWKHIUDPH
LQWKHDEVHQFHRIDWHVWVSHFLPHQ7KLVIODWWDEOHZDVJXDUDQWHHGWREHJUDGHSURYLGLQJDVXUIDFH
ZLWK D GHYLDWLRQ IURP IODWQHVV RI OHVV WKDQ  PP >@ 'XULQJ WKH PHDVXULQJ SURFHVV WKH
WUDQVODWLRQDOVSHHGRIWKHODVHUZDVVHWWRPPVZKLOHWKHVDPSOLQJUDWHZDV+]UHVXOWLQJLQRQH
UHDGLQJHYHU\PLOOLPHWUH

F
 
 
)LJ6HWXSXVHGIRULPSHUIHFWLRQPHDVXUHPHQWVRIVLQJOHDQGEDFNWREDFNFKDQQHOEHDPV

7KHLPSHUIHFWLRQVZHUHPHDVXUHGDORQJILYHOLQHVLQHDFKFURVVVHFWLRQDVVKRZQLQ)LJ$VDQ
H[DPSOH)LJDQG)LJVKRZWKHPHDVXUHGLPSHUIHFWLRQVRIVSHFLPHQ$DORQJOLQHVķWRĻ
7KH UHDGLQJV UHFRUGHG DORQJ OLQHV ķ ĸ DQG Ĺ SURYLGHG LQIRUPDWLRQ DERXW WKH LPSHUIHFWLRQV
UHOHYDQWIRUORFDOEXFNOLQJRIWKHZHEZKLOHWKHUHDGLQJVDORQJOLQHVĺDQGĻSURYLGHGGDWDRQWKH
LPSHUIHFWLRQVDIIHFWLQJWKHGLVWRUWLRQDOEXFNOLQJPRGH0RUHVSHFLILFDOO\WKHORFDOLPSHUIHFWLRQZDV
FDOFXODWHGE\VXEWUDFWLQJWKHDYHUDJHRIOLQHVķDQGĹIURPWKHUHDGLQJVWDNHQDORQJOLQHĸ)RU
WKHOLSSHGFKDQQHOVWKHGLVWRUWLRQDOLPSHUIHFWLRQZDVWDNHQDVWKHPD[LPXPUHDGLQJRIOLQHVĺDQG
Ļ
,W ZDV UHFRJQL]HG WKDW DVVHPEOLQJ WKH FKDQQHOV LQ D EDFNWREDFN FRQILJXUDWLRQ PLJKW DOWHU WKH
LPSHUIHFWLRQSURILOHDQGWKHUHIRUHWKHLPSHUIHFWLRQVZHUHPHDVXUHGEHIRUHDQGDIWHUWKHDVVHPEODJH
RI WKHEXLOWXS VSHFLPHQV%HIRUH WKH VSHFLPHQVZHUH DVVHPEOHG WKHPD[LPXPDPSOLWXGHV RI WKH
UHFRUGHGORFDODQGGLVWRUWLRQDOLPSHUIHFWLRQVLQWKHWHVWHGEHDPVDUHSURYLGHGLQ7DEOH7KHUHVXOWV
LQGLFDWHWKDWWKHPD[LPXPRXWRISODQHLPSHUIHFWLRQVHQFRXQWHUHGLQWKHZHEVRIWKHFKDQQHOVZHUH
RIWKHRUGHURIPPZKLOHWKHOLSIODQJHMXQFWLRQVRIWKHOLSSHGFKDQQHOVH[KLELWHGLPSHUIHFWLRQV
RIXSWRPP
$IWHUDVVHPEOLQJWKHVSHFLPHQVWKHPD[LPXPLPSHUIHFWLRQVZHUHPPDQGPPLQERWK
WKHZHEVDQGWKHIODQJHVRIWKHFKDQQHOVDVVKRZQLQ7DEOH,W LVVKRZQWKDWWKHPD[LPXPORFDO
LPSHUIHFWLRQVDUHQRWFKDQJHGVLJQLILFDQWO\GXHWRWKHLQVWDOODWLRQSURFHVV+RZHYHUE\FRPSDULQJ
)LJDQG)LJLWLVFDQEHVHHQWKDWWKHLPSHUIHFWLRQSURILOHVWKHPVHOYHVKDYHFKDQJHGDVDUHVXOWRI
WKHDVVHPEOLQJSURFHVVRIWKHEHDPVXVLQJWRUTXHZUHQFK

 

)LJ/RFDWLRQVRIWKHLPSHUIHFWLRQPHDVXUHPHQWV




)LJ7\SLFDOLPSHUIHFWLRQGLVWULEXWLRQVRIFKDQQHOVEHIRUHDVVHPEOLQJ

 



)LJ7\SLFDOLPSHUIHFWLRQGLVWULEXWLRQVRIFKDQQHOVDIWHUDVVHPEOLQJ

7DEOH0D[LPXPDPSOLWXGHVRIORFDOGLVWRUWLRQDOLPSHUIHFWLRQVLQVLQJOHFKDQQHOEHIRUHDVVHPEOLQJ
6SHFLPHQ /RFDOPP
'LVWRUWLRQDO
PP
$D  
$E  
$D  
$E  
%D  
%E  
%D  
%E  
&D  
&E  
&D  
&E  


 
7DEOH0D[LPXPDPSOLWXGHVRIORFDOGLVWRUWLRQDOLPSHUIHFWLRQVLQVLQJOHFKDQQHODIWHUDVVHPEOLQJ
6SHFLPHQ /RFDOPP
'LVWRUWLRQDO
PP
$D  
$E  
$D  
$E  
%D  
%E  
%D  
%E  
&D  
&E  
&D  
&E  
 7HVWVHWXS
$WRWDORIVL[EDFNWREDFNEHDPVZHUHWHVWHGLQDIRXUSRLQWEHQGLQJFRQILJXUDWLRQDVLOOXVWUDWHG
LQ)LJD7KHVSHFLPHQVZHUHVXSSRUWHGRQUROOHUVORFDWHGPPDSDUW$OOVSHFLPHQVZHUH
EHQWDERXWWKHLUPDMRUD[LV7KHORDGLQJV\VWHPFRQVLVWHGRIDQDFWXDWRUZLWKDPD[LPXPFDSDFLW\RI
 N1 ZKLFK LPSRVHG WKH ORDG WKURXJK D VSUHDGHU EHDP RQWR WKH WHVW VSHFLPHQV DW WZR GLVFUHWH
ORFDWLRQV  PP DSDUW 7KH VSUHDGHU EHDP ZDV UHVWUDLQHG DJDLQVW RXWRISODQH PRYHPHQW E\ D
VSHFLDOO\GHVLJQHGJXLGDQFHV\VWHPDVVKRZQLQ)LJE1\ORQEORFNVZHUHXVHGDVEHDULQJSDGV
EHWZHHQ WKHVSUHDGHUEHDPDQG WKHXSULJKWV LQRUGHU WR UHGXFH IULFWLRQ$SLQDQGD UROOHU VXSSRUW
ZHUHXVHG WR WUDQVIHU WKH ORDG IURP WKH VSUHDGHU EHDP WR WKH VSHFLPHQ 7KHVH VXSSRUWV ZHUH DOVR
GHVLJQHG WR UHVWUDLQDQ\RXWRISODQHGLVSODFHPHQWRI WKH WRS IODQJHRI WKH WHVW VSHFLPHQ:RRGHQ
EORFNVZLWKDOHQJWKRIPPZHUHSDFNHGWLJKWO\LQWRWKHFURVVVHFWLRQDWWKHORDGLQJSRLQWVDQG
HQG VXSSRUWV WR DYRLG ORFDOL]HG EHDULQJ IDLOXUH DV VKRZQ LQ )LJ 7KH VKHDU IRUFH DQG EHQGLQJ
PRPHQWGLDJUDPVRIWKHWHVWHGEHDPVDUHSUHVHQWHGLQ)LJ
7KUHHSRWHQWLRPHWHUVZLWKDVWURNHRIPPZHUHSODFHGXQGHUWKHWHVWVSHFLPHQDWPLGVSDQDQG
XQGHUWKHWZRORDGLQJSRLQWVLQRUGHUWRUHFRUGWKHYHUWLFDOGHIOHFWLRQVRIWKHEHDP'LDOJDJHVZHUH
SODFHGDWWKHVXSSRUWVWRPHDVXUHSRVVLEOHGLVSODFHPHQWLQWKHYHUWLFDOGLUHFWLRQ
$GLVSODFHPHQWFRQWUROVFKHPHZLWKDUDWHRIPPPLQZDVXVHGIRUDOOWHVWVSHFLPHQV7KHWHVWV
ZHUHKDOWHGIRUPLQXWHVVOLJKWO\EHIRUHWKHSHDNORDGZDVUHDFKHGLQRUGHUWRHOLPLQDWHVWUDLQUDWH
GHSHQGHQW HIIHFWV 7KH WHVWV ZHUH WKHQ FRQWLQXHG DQG ZHUH WHUPLQDWHG ZKHQ WKH ORDG ZHQW EHORZ
RIWKHSHDNORDGRQWKHGHVFHQGLQJSDWK
 

)LJ6FKHPDWLFYLHZRIDH[SHULPHQWDOVHWXSEODWHUDOVXSSRUWV\VWHP


)LJ)RXUSRLQWEHQGLQJWHVWVHWXS

D
E
 

)LJ%HQGLQJPRPHQWDQGVKHDUIRUFHGLDJUDPVRIWKHWHVWHGEHDPV
 7HVWUHVXOWV
'HIRUPHGVKDSH
$VH[SHFWHGDOOWHVWVSHFLPHQVIDLOHGZLWKLQWKHFRQVWDQWPRPHQWVSDQE\LQWHUDFWLRQRIORFDODQG
GLVWRUWLRQDOEXFNOLQJ ,Q VSHFLPHQV&SXUH ORFDOEXFNLQJZDV ILUVW REVHUYHG LQ WKH WRS IODQJHV
7KLVZDVGXHWRWKHKLJKVOHQGHUQHVVRIWKHIODQJHVZKLFKKDGDZLGWKWRWKLFNQHVVUDWLRRIDQG
WKHIDFWWKDWWKH\ZHUHVXEMHFWWRWKHKLJKHVWFRPSUHVVLYHVWUHVVLQWKHFURVVVHFWLRQ$VWKHEHQGLQJ
PRPHQW LQFUHDVHG VXSHULPSRVHG GLVWRUWLRQDO EXFNOLQJ ZDV UHFRUGHG DV VKRZQ LQ )LJ
3DUWLFLSDWLRQ RI WKH ZHEV ZDV DOVR REVHUYHG EHIRUH WKH XOWLPDWH FDSDFLW\ RI WKH VSHFLPHQV ZDV
UHDFKHG
6SHFLPHQV$DOVRIDLOHGGXHWRLQWHUDFWLRQEHWZHHQORFDODQGGLVWRUWLRQDOEXFNOLQJDVVKRZQ
LQ)LJ+RZHYHULQWKHVHVSHFLPHQVWKHZHEVFRQVWLWXWHGWKHVOHQGHUHVWFRPSRQHQWVRIWKHFURVV
VHFWLRQ DQG WKHUHIRUH WULJJHUHG ORFDO EXFNOLQJ LQ WKH ZHE UDWKHU WKDQ WKH IODQJH $V WKH ORDG
LQFUHDVHGWKHOLSVZHUHXQDEOHWRVXSSUHVVWKHGLVWRUWLRQDOPRGH
6SHFLPHQV%KDGWKHPD[LPXPZHEKHLJKWFRPELQHGZLWKUHODWLYHO\QDUURZIODQJHV/RFDO
EXFNOLQJZDVDJDLQILUVWGHWHFWHGLQWKHZHEVRIWKHFKDQQHOVZLWKGLVWRUWLRQDOEXFNOLQJSDUWLFLSDWLQJ
DWDKLJKHUORDG)LJ
3DVW WKH SHDN ORDG WKH EXFNOLQJ GHIRUPDWLRQV ORFDOL]HG LQ DOO VSHFLPHQV IRUPLQJ DQ DQWL
V\PPHWULF\LHOGOLQHSDWWHUQLQERWKIODQJHVRIWKHEDFNWREDFNFKDQQHOV
$OOWHVWVSHFLPHQVVKRZHGDQDQWLV\PPHWULFGLVWRUWLRQDOO\EXFNOHGVKDSHLQZKLFKWKHWRSIODQJH
RIRQHFKDQQHOPRYHGXSZDUGZKLOHWKHWRSIODQJHRIWKHRWKHUFKDQQHOPRYHGGRZQZDUG,WLVWREH
QRWHGWKDWWKHZHEVRIWKHFKDQQHOVZHUHQRWFRQQHFWHGE\LQWHUPHGLDWHIDVWHQHUVZLWKLQWKHFRQVWDQW
 
PRPHQW VSDQDQG WKHUHIRUH WKHREVHUYHG VKDSHZDV D UHVXOW RIFRQWDFWEHWZHHQ WKH FKDQQHOZHEV
DORQH
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

)LJ)DLOXUHSURJUHVVLRQLQEHDP&




)LJ)DLOXUHSURJUHVVLRQLQEHDP$


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
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
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



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
)LJ)DLOXUHSURJUHVVLRQLQEHDP&
0RPHQWGHIRUPDWLRQFXUYHV
)LJSORWVWKHEHQGLQJPRPHQWVDJDLQVWWKHPLGVSDQGHIOHFWLRQVIRUDOOWHVWVSHFLPHQVZKHUH
WKH PRPHQWV ZHUH FDOFXODWHG IURP WKH PHDVXUHG FRQFHQWUDWHG ORDG XVLQJ WKH HTXDWLRQV VKRZQ LQ
)LJ7KHXOWLPDWHFDSDFLWLHVRIDOO WHVWVSHFLPHQVDUHDOVR OLVWHG LQ7DEOH ,QJHQHUDODJRRG
DJUHHPHQWZDVREWDLQHGZLWKLQHDFKVHWRI WZLQVSHFLPHQVZLWKWKHXOWLPDWHFDSDFLWLHVYDU\LQJE\
OHVVWKDQIURPHDFKRWKHU$QH[FHSWLRQWRWKLVRFFXUUHGLQVSHFLPHQV%ZKHUHWKHXOWLPDWH
FDSDFLW\RIVSHFLPHQ%ZDVFRQVLGHUDEO\ORZHUWKDQWKDWREWDLQHGIRULWVFRXQWHUSDUW7KLVZDV
GXHWRWKHIDFWWKDWVSHFLPHQ%ZDVWHVWHGZLWKRXWZRRGHQEORFNVXQGHUWKHORDGDSSOLFDWLRQ
SRLQWV $V D UHVXOW ZHE FULSSOLQJ RFFXUUHG XQGHU WKH ORDGLQJ SRLQWV LQ FRPELQDWLRQ ZLWK ORFDO
EXFNOLQJZKLFKH[WHQGHGDOODORQJWKHFRQVWDQWPRPHQWVSDQ7KHUHIRUH WKHUHVXOWVRIWHVW%
VKRXOGEHGLVUHJDUGHG

)LJ0RPHQWYVPLGVSDQGHIOHFWLRQIRUDOOEHDPV
7KHPRPHQWFXUYDWXUHJUDSKVREWDLQHGIURPWKHWHVWVDUHVKRZQLQ)LJZKHUHWKHPRPHQW0
ZDV FDOFXODWHG XVLQJ HTXDWLRQV LQ )LJ DQG WKH FXUYDWXUH ț ZDV FDOFXODWHG XVLQJ WKH IROORZLQJ
IRUPXOD>@
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ZKHUH / LVWKHPLGVSDQGHILQHGLQ)LJ\LVDIXQFWLRQRIWKHYHUWLFDOGLVSODFHPHQWVPHDVXUHGDW
WKHSRWHQWLRPHWHUVDVVKRZQLQ)LJ\LVGHWHUPLQHGE\DVVXPLQJWKDWWKHGHIOHFWLRQVIRUPDSDUW
RIDFLUFXODUDUFDORQJWKHPLGGOHVSDQ
 
 
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

)LJ&DOFXODWLRQRIFXUYDWXUHXVLQJWKHGLVSODFLPHQWPHDVXUHGLQSRWHQWLRPHWHUV


)LJ1RQGLPHQVLRQDOPRPHQWFXUYDWXUHFXUYHVIRUWKHWHVWHGEHDPV

 
,Q)LJWKHPRPHQWDQGFXUYDWXUHDUHQRQGLPHQVLRQOL]HGZLWKUHJDUGWRWKHILUVW\LHOG
EHQGLQJPRPHQW \ H \0 : I DQGWKHFXUYDWXUH \N ZKLFKWKHILUVW\LHOGEHQGLQJPRPHQWZRXOG
SURGXFHLIWKHEHDPEHKDYHGLQDOLQHDUHODVWLFZD\
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ZKHUH H: LVWKHJURVVVHFWLRQPRGXOXV(DQGI\DUHWKHPHDVXUHGHODVWLFPRGXOXVDQGWKHSURRI
VWUHVV,\LVWKHPRPHQWRILQHUWLDRIWKHEDFNWREDFNVHFWLRQV
)LJ DOVRSORWV WDQJHQW OLQHV IURP WKH LQLWLDO HODVWLFPRGXOXV RI WKH FXUYHV 7KH PRPHQW
FXUYDWXUHFXUYHVRIWKHWHVWHGEHDPVIRU&$DQG%VKRZDVLJQLILFDQWGHYLDWLRQIURPWKH
OLQHDU UDQJH VWLIIQHVV UHGXFWLRQ DW DSSUR[LPDWH EHQGLQJ PRPHQWV RI  \0   \0 DQG  \0 
UHVSHFWLYHO\ ZKLFK LQGLFDWHV D UHGXFHG FURVVVHFWLRQDO SURSHUW\ DW EHQGLQJ $IWHU D QRQOLQHDU
GHIRUPDWLRQSKDVHWKHEHQGLQJPRPHQWUHDFKHVLWVSHDNYDOXHDWWKHXOWLPDWHEHQGLQJPRPHQW7KH
UHGXFWLRQ LQ WKH EHQGLQJ PRPHQW DW WKH XOWLPDWH PRPHQW ZDV LQLWLDWHG E\ WKH ORFDOGLVWRUWLRQDO
EXFNOLQJ RI WKH WRS IODQJHV LQ WKH SXUH EHQGLQJ VSDQ ,W LV DOVR VKRZQ LQ )LJ WKDW WKH XOWLPDWH
EHQGLQJPRPHQWVDUHDURXQGDQGWLPHVWKHEHQGLQJPRPHQWVDWILUVW\LHOGIRUFURVV
VHFWLRQDOVHULHVRI&$DQG%UHVSHFWLYHO\ZKLFKLQGLFDWHVWKDWWKHVHFWLRQVZHUHIDLOHG
EHIRUHWKHPDWHULDO\LHOGHG
'HVLJQUXOHVIRU&)6EHDPV
7KHGHVLJQRI&)6EHDPVUHTXLUHVWKDWFRQVLGHUDWLRQVKRXOGEHJLYHQWRWKH8OWLPDWH/LPLW6WDWH
LH WKH VWUHQJWK RI WKH PHPEHU DQG WKH 6HUYLFHDELOLW\ /LPLW 6WDWH GHIOHFWLRQV OLNHO\ WR EH QRW
H[FHHGHGDWVHUYLFHORDGV$VDUHVXOWRIWKHHVVHQWLDOO\WKLQZDOOHGFURVVVHFWLRQDOSURSHUWLHVRIWKH
WHVWHG&)6PHPEHUVWKHUHGXFHGVWLIIQHVVGXHWRWKHORFDOGLVWRUWLRQDOEXFNOLQJVKRXOGEHWDNHQLQWR
DFFRXQWLQWKHFDOFXODWLRQRIGHIOHFWLRQVRIWKHWHVWHGEHDPV)RUWKHVHUYLFHDELOLW\OLPLWVWDWHGHVLJQ
LWLVDQWLFLSDWHGWKDWQRQFRQVHUYDWLYHUHVXOWVZLOOEHREWDLQHGZKHQOLQHDUHODVWLFSURSHUWLHVDUHXVHG
UDWKHUWKDQHIIHFWLYHFURVVVHFWLRQV
6WUHQJWK
7KHGHVLJQRIEHDPVLQYROYHVWKHGHWHUPLQDWLRQRIWKHEHQGLQJVWUHQJWKVIRUORFDOGLVWRUWLRQDODQG
JOREDOEXFNOLQJWKHVKHDUVWUHQJWKVDQGWKHVWUHQJWKIRUFRPELQHGEHQGLQJDQGVKHDUDVVWLSXODWHGLQ
6HFWLRQVRI(XURFRGHGHVLJQJXLGHOLQHV
 
6WUHQJWKIRUEHQGLQJRQO\
7KH GHVLJQ EHQGLQJ FDSDFLW\ RI D EHDP DURXQG LWV PDMRU D[LV FDQ EH FDOFXODWHG DFFRUGLQJ WR
&ODXVHLQ(XURFRGH3DUWRQWKHEDVLVRIWKH³HIIHFWLYHZLGWK´PHWKRG´
 F 5G HII \0 : I        
'XHWR WKHJHRPHWULFDOO\ IOH[LEOHFURVVVHFWLRQDOVKDSHVDQGQRQOLQHDU VWUHVVVWUDLQKDUGHQLQJRI
&)6PDWHULDOSURSHUWLHVWKHLQHODVWLFVWUDLQPD\EHXVHGLQ&)6FURVVVHFWLRQVVXEMHFWHGWREHQGLQJ
<HQHUDQG3HNR]>@SURSRVHGDGHVLJQPHWKRGWKDWLQFRUSRUDWHVSDUWLDOVHFWLRQSODVWLILFDWLRQLQ
WKHSUHGLFWLRQRI LQHODVWLFEHQGLQJVWUHQJWKRI&)6EHDPV7KHLPSRUWDQFHRI WKLVZRUN OLHV LQ WKH
IDFWWKDWDUHODWLRQVKLSEHWZHHQWKHXOWLPDWHFRPSUHVVLYHHGJHVWUDLQDQGWKHVOHQGHUQHVVUDWLRVRIWKH
FRPSUHVVLYH IODQJHV DQG ZHEV KDV EHHQ GHWHUPLQHG ZKHUH WKH VWUHVV DQG VWUDLQ GLVWULEXWLRQ LQ D
FURVVVHFWLRQFDQEHGHWHUPLQHG7KHFDOFXODWLRQRIWKHXOWLPDWHFDSDFLW\RI&)6EHDPVWRWDNHLQWR
DFFRXQWWKHLQHODVWLFUHVHUYHFDSDFLW\LVWKHUHIRUHVWUDLJKWIRUZDUG/DWHU6KLIIHUDZDQG6FKDIHU>@
VWXGLHG WKH UHODWLRQVKLS EHWZHHQ LQHODVWLF VWUDLQ GHYHORSHG LQ FURVVVHFWLRQV DQG WKH FURVVVHFWLRQ
VOHQGHUQHVVXVLQJGHWDLOHGQRQOLQHDU)LQLWH(OHPHQWDQDO\VLVDQGSUHYLRXVH[SHULPHQWDOUHVXOWV7KHLU
ZRUNGLIIHUVIURPWKDWRI<HQHUDQG3HNR]>@LQWKHZD\WKDWLQGLYLGXDOGHVLJQIRUPXODWLRQVDUH
GHYHORSHGWRSUHGLFWWKHLQHODVWLFORFDOGLVWRUWLRQDODQGODWHUDOWRUVLRQDOEXFNOLQJDQGWRSURYLGHWKH
'LUHFW6WUHQJWK'HVLJQIRUPXODWLRQV+XLHWDO>@UHFHQWO\LQYHVWLJDWHGWKHPRPHQWUHGLVWULEXWLRQ
RI LQGHWHUPLQDWH &)6 EHDPV XVLQJ WKH QRQOLQHDU )LQLWH (OHPHQW 0HWKRG 'HVLJQ IRUPXODV ZHUH
SURSRVHGWRSUHGLFWWKHXOWLPDWHFDSDFLW\RIFRQWLQXRXVEHDPVFRQVLGHULQJVWUHVVUHGLVWULEXWLRQ7KH
UHVHDUFKKDVLPSURYHGWKHXQGHUVWDQGLQJRIWKHPHFKDQLVPRILQHODVWLFUHVHUYHLQLQGHWHUPLQDWH&)6
V\VWHPVUDWKHUWKDQFURVVVHFWLRQV
(XURFRGH3DUWDOORZVWKHGHYHORSPHQWDQGXOWLOLVDWLRQRIWKHLQHODVWLFUHVHUYHFDSDFLW\IRU
WKHGHVLJQRI&)6EHDPVVXEMHFWHGWREHQGLQJ7KLVKDVEHHQWDNHQLQWRDFFRXQWLQWKHHYDOXDWLRQRI
WKHREMHFWLYHIXQFWLRQVSUHVHQWHGLQ(TGXULQJWKHRSWLPL]DWLRQSURFHVV$FFRUGLQJWR(XURFRGH
3DUWWKHUHDUHWZRPHFKDQLVPVRQWKHGHYHORSPHQWRILQHODVWLFUHVHUYHFDSDFLW\LQFROGIRUPHG
VWHHO PHPEHUV VXEMHFWHG WR EHQGLQJ 7KH ILUVW PHFKDQLVP LV WKDW ILUVW \LHOG KDSSHQV DW WKH
FRPSUHVVLYH IODQJH 7KLV FRQVWDQWO\ RFFXUV ZKHQ WKH FURVVVHFWLRQ EHQGV DURXQG LWV PDMRU DQG
V\PPHWULFDOD[LVDVVKRZQLQ)LJZKHUHUHGXFHGZLGWKVRIWKHFRPSUHVVLYHSDUWVOHDGWKHQHXWUDO
D[LVWRVKLIWWRDORZHUSRVLWLRQ

 

)LJ,QHODVWLFEHQGLQJVWUHVVDQGVWUDLQGLVWULEXWLRQRIDOLSSHGFKDQQHOVHFWLRQ

7KH EHQGLQJ VWUHQJWK FDQ EH FDOFXODWHG E\ XVLQJ D IXQFWLRQ FRPSRVHG RI WKUHH VHJPHQWV
FRUUHVSRQGLQJWRWKHPD[LPXPVOHQGHUQHVVRIDGHFLVLYHSODWHHOHPHQWLQWKHFURVVVHFWLRQDVVKRZQ
LQ)LJ:KHQWKHHIIHFWLYHVHFWLRQPRGXOXV HII: LVHTXDOWRWKHJURVVVHFWLRQPRGXOXV H: DQGWKH
LQHODVWLFUHVHUYHFDSDFLW\LVDOORZHGWKHVWUHQJWKVKRXOGEHFKHFNHGZLWKWKHIROORZLQJHTXDWLRQ
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ZKHUH \ H \0 : I  LVWKHFODVVLFPRPHQWDWILUVW\LHOGRIJURVVVHFWLRQZKLFKKDVDOVREHHQGHILQHG
LQ6HFWLRQ S S \0 : I  LV WKHIXOO\SODVWLFPRPHQWRIJURVVVHFWLRQ PD[HO LV WKHVOHQGHUQHVVRI
WKH GHFLVLYH HOHPHQW WKDW KDV WKH ODUJHVW YDOXH RI H HO O  7KH VOHQGHUQHVV HO DQG HO IRU LQWHUQDO
SODWHHOHPHQWVFDQEHGHILQHGDV
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ZKHUH FUV LV WKHHODVWLFEXFNOLQJ VWUHVVRI WKHSODWHHOHPHQW DQG\ LV WKH VWUHVV UDWLR )RU RXWVWDQG
HOHPHQWV  HO  7KHHTXDWLRQFDQEHUHDUUDQJHGDV
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
)LJ%HQGLQJVWUHQJWKVDVDVHJPHQWHGIXQFWLRQRIVOHQGHUQHVVRIGHFLVLYHHOHPHQWV

7KHRWKHUPHFKDQLVPRILQHODVWLFUHVHUYHFDSDFLW\LVWKDWILUVW\LHOGKDSSHQVDWWKHWHQVLRQIODQJH
7KLV LV WKH FDVH ZKHQ WKH FURVVVHFWLRQDO VKDSH RI EHQGLQJ PHPEHUV LV QRQV\PPHWULFDO DQG WKH
ORFDOGLVWRUWLRQDOEXFNOLQJLQWKHFRPSUHVVLYHSDUWUHGXFHVWKHHIIHFWLYHZLGWKVRIWKHSODWHHOHPHQWV
$VVKRZQLQ)LJZKHQDKDWVKDSHFURVVVHFWLRQDQGDOLSSHGFKDQQHOEHQGVDURXQGLWVPLQRUD[LV
WKLVOHDGVWKHQHXWUDOD[LVWRVKLIWWRDKLJKHUSRVLWLRQ)LUVW\LHOGWKHUHIRUHWDNHVSODFHDWWKHWHQVLRQ
IODQJHVDQG(XURFRGH3DUWDOORZVWKHXVDJHRIWKHLQHODVWLFUHVHUYHLQ6HFWLRQ+RZHYHU
WKLVZLOOQRWKDSSHQ LQ WKH WHVWHG OLSSHGFKDQQHOVSUHVHQWHG LQ WKLVSDSHU VLQFH DOO RI WKH FKDQQHOV
ZHUHEHQGLQJDURXQGWKHLUPDMRUDQGV\PPHWULFDOD[LVZKLFKOHDGVWRDKLJKHUFRPSUHVVLYHVWUHVVDW
WKHWRSIODQJH


)LJ,QHODVWLFEHQGLQJVWUHVVDQGVWUDLQGLVWULEXWLRQRIDKDWVHFWLRQDQGDOLSSHGFKDQQHOEHQGLQJDURXQG
WKHLUPLQRUD[LV

,WLVWKHUHIRUHFRQFOXGHGWKDWWKHLQHODVWLFUHVHUYHFDSDFLW\VKRXOGEHFKHFNHGEDVHGRQWKH)LJ
DQG )LJ LI HIIHFWLYH VHFWLRQ PRGXOXV HII: LV HTXDO WR WKH JURVV VHFWLRQ PRGXOXV H:  7DEOH 
 
SUHVHQWV WKH LQWHUPHGLDWH UHVXOWV RI WKH FURVVVHFWLRQDO SURSHUWLHV DQG WKH UHVXOWLQJ FURVVVHFWLRQDO
FDSDFLW\RIWKHWHVWHGVSHFLPHQV,W LVZRUWKQRWLQJWKDW WKHFURVVVHFWLRQDOGLPHQVLRQV\LHOGVWUHVV
DQG HODVWLF PRGXOXV XVHG IRU WKH FDOFXODWLRQ RI WKH VWUHQJWKV RI DOO VHFWLRQV ZHUH IURP WKH WHVWHG
UHVXOWV

7DEOH(ODVWLFDQGHIIHFWLYHFURVVVHFWLRQDOSURSHUWLHVDQGEHQGLQJFDSDFLW\RIWKHWHVWHGVSHFLPHQV
6SHFLPHQV HII, PP
HII: 
PP
\, 
PP
H: 
PP
 F 5G0 
N1 ?P
&     
&     
$     
$     
%     
%     

/DWHUDOWRUVLRQDOEXFNOLQJ
(XURFRGH  3DUW  XVHV D UHGXFWLRQ IDFWRU /7F RQ WKH FURVVVHFWLRQDO EHQGLQJ FDSDFLW\ WR
DFFRXQW IRU WKH ODWHUDOWRUVLRQDO EXFNOLQJ 7KH UHGXFWLRQ IDFWRU FDQ EH FDOFXODWHG XVLQJ D JOREDO
VOHQGHUQHVV UDWLR /7 HII \ FU: I 0O   7KH GHVLJQ EHQGLQJ VWUHQJWK  F 5G0 RI D ODWHUDOO\ XQEUDFHG
EHDPLVREWDLQHGIURP
 F 5G /7 HII \0 : IF       
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&RQVLGHULQJDFKDQQHOEHDPVXEMHFWHGWRHTXDOHQGPRPHQWVDERXWWKHPDMRUD[LVDVLQWKHSXUH
EHQGLQJVSDQLQWKHWHVWVWKHHODVWLFODWHUDOWRUVLRQDOEXFNOLQJORDG FU0 FDQEHFDOFXODWHGLQWHUPVRI
WKHXQEUDFHGOHQJWKDQGWKHVHFWLRQSURSHUWLHVRIWKHJURVVVHFWLRQDVIROORZV

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ZKHUH ](, LV WKH IOH[XUDO ULJLGLW\ DERXW WKH PLQRU D[LV Z(, LV WKH ZDUSLQJ ULJLGLW\ *- LV WKH
WRUVLRQDO ULJLGLW\ DQG  / PP LQGLFDWHV WKH XQEUDFHG OHQJWK LQ WKH WHVWV ,Q FDOFXODWLRQ RI WKH
FURVVVHFWLRQDOSURSHUWLHVRIWKHWHVWHGEHDPVLQ7DEOHDQ,VKDSHGVHFWLRQZLWKDGRXEOHWKLFNQHVV
LQWKHZHELVXVHGDVHTXLYDOHQW WRRULJLQDO WKHEDFNWREDFNVHFWLRQDVVKRZQLQ)LJ,WFDQEH
 
VHHQLQ7DEOHWKDWWKHUHGXFWLRQIDFWRULVVOLJKWO\VPDOOHUWKDQOHDGLQJWRDVPDOOUHGXFWLRQLQ
EHQGLQJFDSDFLW\FRPSDUHGWRWKHFURVVVHFWLRQDOFDSDFLWLHVSUHVHQWHGLQ7DEOH,WLVZRUWKQRWLQJ
WKDWODWHUDOWRUVLRQDOEXFNOLQJGLGQ¶WRFFXULQWKHWHVWHGVSHFLPHQV,WFDQDOVREHVHHQIURP7DEOH
WKDWZLWKWKHVDPHDPRXQWRIPDWHULDOWKHUHGXFWLRQIDFWRURIVSHFLPHQVZLWKGHHSHUFURVVVHFWLRQLV
VPDOOHU OHDGLQJ WR PRUH UHGXFWLRQ LQ FULWLFDO EXFNOLQJ PRPHQW +RZHYHU WKH RSWLPXP FURVV
VHFWLRQV % VHULHV VWLOO KDYH KLJKHU EHQGLQJ FDSDFLWLHV HYHQ ZLWK VOLJKWO\ VPDOOHU UHGXFWLRQ
IDFWRUVIRUODWHUDOWRUVLRQDOEXFNOLQJ

7DEOH'HVLJQVWUHQJWKVRIWKHWHVWHGEHDPVWRODWHUDOWRUVLRQDOEXFNOLQJ
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)LJ&URVVVHFWLRQWRFDOFXODWHWKHFULWLFDOODWHUDOWRUVLRQDOEXFNOLQJD%DFNWREDFNVHFWLRQDQGE
(TXLYDOHQW,VHFWLRQ

6WUHQJWKIRUVKHDURQO\
$FFRUGLQJ WR 6HFWLRQ  RI (XURFRGH  3DUW  WKH QRPLQDO VKHDU VWUHQJWK E 5G9 RI D &)6
OLSSHGFKDQQHOEHDPVKRXOGEHREWDLQHGIURPWKHIROORZLQJHTXDWLRQ
E 5G Z EY9 K W I         
ZKHUH ZK LVWKHZHEKHLJKWEHWZHHQWKHPLGGOHOLQHVRIWKHIODQJHVLQWKHOLSSHGFKDQQHOEHDP W LV
WKH WKLFNQHVV RI WKH VHFWLRQ DQG EYI LV WKH VKHDU VWUHQJWK FRQVLGHULQJ EXFNOLQJ $FFRUGLQJ WR WKH
 
VWLIIHQLQJFRQGLWLRQRIWKHZHEVDWVXSSRUWV EYI FDQEHFDOFXODWHGXVLQJWKHIRUPXODWLRQVVKRZQLQ
7DEOHDFFRUGLQJWRWKHZHEVOHQGHUQHVVGHILQHGDVIROORZLQJ
 \ZZ IKW (O        

7DEOH6KHDUEXFNOLQJVWUHQJWK EYI 
5HODWLYHZHEVOHQGHUQHVV
ZO  :HEZLWKRXWVWLIIHQLQJDWVXSSRUW :HEZLWKVWLIIHQLQJDWVXSSRUW
ZO d   \I   \I 
 ZO   Z\I O   Z\I O 
ZO t   Z\I O   Z\I O 

,WLVZRUWKQRWLQJWKDWZRRGEORFNVZHUHXVHGLQFRQMXQFWLRQZLWKDUHVWUDLQLQJIUDPHWRSUHYHQW
WKHGLVWRUWLRQRIWKHZHEVDQGWRUHVLVWSRVVLEOHH[FHVVLYHORFDOUHDFWLRQVDWWKHVXSSRUWVLQWKHWHVWHG
EHDPV7KHFDVHZLWKZHEVWLIIHQLQJDWVXSSRUWVLVWKHUHIRUHWDNHQLQWRDFFRXQWWRYHULI\WKHGHVLJQ
)RUHDFKEDFNWREDFNVHFWLRQWKHFURVVVHFWLRQDOSURSHUWLHVRIWKHLQGLYLGXDOFKDQQHOLVFDOFXODWHGWR
REWDLQWKHVKHDUFDSDFLWLHVDQGWKHQWKHVKHDUFDSDFLWLHVDUHDGGHGWRJHWKHUWRREWDLQWKHIXOOVWUHQJWK
RIWKHEDFNWREDFNVSHFLPHQ7KHLQWHUPHGLDWHUHVXOWVDUHVKRZQLQ7DEOHLWFDQEHVHHQWKDWWKH
UDWLR RI DSSOLHG PD[LPXP VKHDU IRUFH WR WKH VKHDU EXFNOLQJ VWUHQJWK LV LQ WKH UDQJH RI 
ZKLFK LV IDU OHVV WKDQ WKH IDLOXUH FDSDFLW\ 7KH RULJLQDO WHVW VHWXS LV WKHUHIRUH DEOH WR SUHYHQW WKH
SRVVLEOHVKHDUEXFNOLQJIDLOXUH
 
7DEOH6KHDUVWUHQJWKVRIWKHWHVWHGEHDPV
6SHFLPHQV ZO  EYI 03D
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6WUHQJWKIRUFRPELQHGEHQGLQJDQGVKHDU
3ULRU WR WKH WHVWV WKH PHPEHUV ZHUH GHVLJQHG WR SUHYHQW WKH IDLOXUH RI WKH VLGH VSDQV WKURXJK
FRPELQHGEHQGLQJDQGVKHDU(XURFRGH3DUWVWLSXODWHVWKDWFURVVVHFWLRQVVKRXOGEHGHVLJQHG
VXEMHFWHGWRFRPELQHGDFWLRQRIEHQGLQJPRPHQW (G0 DQGVKHDUIRUFH (G9 
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ZKHUH 09U LVWKHUDWLRQRIWKHUHVLVWDQFH I 5G0 LVWKHPRPHQWUHVLVWDQFHRIDFURVVVHFWLRQFRQVLVWLQJ
RIWKHHIIHFWLYHZLGWKVRI WRSDQGERWWRPIODQJHV SO 5G0 LV WKHSODVWLFPRPHQWRIUHVLVWDQFHRI WKH
FURVVVHFWLRQZKLFK FRQVLVWVRI WKHHIIHFWLYHZLGWKVRI IODQJHV DQG WKH IXOO\ HIIHFWLYHZLGWKRI WKH
ZHEVDVVKRZQLQ)LJ7KHFRQWULEXWLRQRIWKHIODQJHVWRWKHVKHDUEXFNOLQJUHVLVWDQFHKDVEHHQ
WDNHQLQWRDFFRXQWLQWKHLQWHUDFWLYHGHVLJQIRUPXODWLRQ
7DEOHOLVWVWKHFDOFXODWHGUDWLRRIWKHGHVLJQHTXDWLRQSUHVHQWHGLQ(T'XHWRWKHZRRG
EORFNV LQVHUWHGDW WKH ORDGLQJSRVLWLRQ WKHFURVVVHFWLRQ LV WDNHQDWPPDZD\IURP WKH ORDGHG
SRLQWVDVVKRZQLQ)LJDQGWKHFURVVVHFWLRQLVYHULILHGXVLQJWKHFRUUHVSRQGLQJEHQGLQJPRPHQW
DQGVKHDUIRUFH,WLVVKRZQLQ7DEOHWKDWWKHUDWLRVRIWKHLQWHUDFWLRQHTXDWLRQDUHOHVVWKDQ
ZKLFK LQGLFDWHV WKDW WKH LQWHUDFWLRQRI VKHDUEXFNOLQJ DQGEHQGLQJ LVQRW WKHFULWLFDO IDLOXUHPRGH
7KLVKDVEHHQYDOLGDWHG LQ WKH WHVW WKDW QR IDLOXUHPRGHVRIFRPELQHG VKHDUEXFNOLQJ DQGEHQGLQJ
ZHUHREVHUYHG
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)LJ&URVVVHFWLRQVIRUWKHFDOFXODWLRQRI SO 5G0 DQG I 5G0 
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7DEOH,QWHUDFWLRQRIEHQGLQJDQGVKHDURQWKHGHVLJQRIWKHWHVWHGEHDPV
6SHFLPHQV E 5G9 N1
F 5G0 
N1 ?P
I 5G0 
N1 ?P
SO 5G0 
N1 ?P 09U 
&     
&     
$     
$     
%     
%     

&RPSDULVRQRISURSRVHGGHVLJQVWUHQJWKZLWKWHVW
7DEOHDOVRFRPSDUHVWKHXOWLPDWHFDSDFLWLHVREWDLQHGIURPWKHH[SHULPHQWVZLWKWKHSUHGLFWLRQV
JLYHQ E\ (XURFRGH  XVLQJ WKH HTXDWLRQV SUHVHQWHG LQ (T DQG (T FURVVVHFWLRQDO
GLPHQVLRQVLQ7DEOHDQGWKHPDWHULDOSURSHUWLHVLQ7DEOH:KHQFDOFXODWLQJWKHHIIHFWLYHFURVV
VHFWLRQDOSURSHUWLHVDFFRUGLQJWRWKH(XURFRGHIXOOLWHUDWLRQVZHUHFDUULHGRXWZKLFKDUHQRWVWULFWO\
SUHVFULEHGE\ WKH(XURFRGH>@7KHVHLWHUDWLRQVDUHQHFHVVDU\EHFDXVH WKH ORFDWLRQRI WKHQHXWUDO
D[LVRI WKHHIIHFWLYHFURVVVHFWLRQ LV LQLWLDOO\XQNQRZQDQGDOVREHFDXVHRI WKH LQWHUDFWLRQEHWZHHQ
WKH ORFDO DQG GLVWRUWLRQDO EXFNOLQJ PRGHV 7KH PHDVXUHG GLPHQVLRQV DQG WKH PDWHULDO SURSHUWLHV
REWDLQHG IURP WKHFRXSRQ WHVWVZHUHXVHG ,QJHQHUDO7DEOH VKRZV WKDW DJRRGDJUHHPHQWZDV
DFKLHYHGEHWZHHQWKHH[SHULPHQWDODQGWKHFDOFXODWHGEHQGLQJFDSDFLWLHV  F 5G0 LQ(TRIWKH
EDFNWREDFNOLSSHGFKDQQHOEHDPVZLWKWKHUDWLRRIWKH(XURFRGHSUHGLFWHGYDOXHVWRWKHWHVWUHVXOWV
UDQJLQJ IURP  WR  GHSHQGLQJ RQ WKH FURVVVHFWLRQ W\SH 7KH DYHUDJH UDWLR LV  ZLWK D
VWDQGDUGGHYLDWLRQRI,WLVDOVRVKRZQLQ7DEOHWKDW WKHFURVVVHFWLRQDOEHQGLQJFDSDFLW\LV
JHQHUDOO\ ZHOO SUHGLFWHG ZLWK (XURFRGH  7KH UDWLR RI WKH (XURFRGH SUHGLFWHG FURVVVHFWLRQDO
 
EHQGLQJFDSDFLW\  F 5G0 WRWKHWHVWYDOXHVUDQJHVIURPZLWKDQDYHUDJHUDWLRRIDQGD
VWDQGDUGGHYLDWLRQRIZKLFKLVVOLJKWO\XQFRQVHUYDWLYH6LPLODUDFFXUDFLHVKDYHEHHQREWDLQHG
E\ RWKHU >@ 6LQFH WKH IDLOXUH PRGH RI ODWHUDO WRUVLRQDO EXFNOLQJ KDV QRW EHHQ REVHUYHG WKH
UHGXFWLRQIDFWRURIODWHUDOWRUVLRQDOEXFNOLQJOHDGVWRDVOLJKWO\UHGXFHGEHQGLQJFDSDFLW\SURYLGLQJD
FRQVHUYDWLYHSUHGLFWLRQLQVWHDGRIDJHQHUDOO\XQFRQVHUYDWLYHSUHGLFWLRQRIFURVVVHFWLRQDOFDSDFLW\

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'HIOHFWLRQV
$FFRUGLQJWR(XURFRGH3DUW WKHHIIHFWLYHFURVVVHFWLRQDOSURSHUWLHVVKRXOGEHXVHG LQDOO
WKH VHUYLFHDELOLW\ OLPLW VWDWH FDOFXODWLRQV IRU &)6 PHPEHU GHVLJQ ,Q GHWHUPLQDWLRQ RI WKH FURVV
VHFWLRQDOSURSHUWLHVZLWKWKHGLVWULEXWLRQRIEHQGLQJPRPHQWVWKHHIIHFWLYHSDUWVRILQGLYLGXDOSODWHV
LQ WKH FURVVVHFWLRQ ZLOO EHGLIIHUHQW DFFRUGLQJ WR WKH VWUHVV GLVWULEXWLRQ 7KH HIIHFWLYH PRPHQW RI
LQHUWLD FDQ EH WDNHQ DV YDULDEOH DORQJ WKH VSDQ DFFRUGLQJ WR WKH VWUHVV OHYHO DW VSHFLILF ORFDWLRQV
+RZHYHUDXQLIRUPYDOXHFDQEHVSHFLILHGFRQVHUYDWLYHO\EDVHGRQWKHDEVROXWHPD[LPXPPRPHQW
XQGHUVHUYLFHDELOLW\ORDGLQJ
(XURFRGH3DUWFDOFXODWHVWKHHIIHFWLYHPRPHQWRILQHUWLD  ILF, [ E\XVLQJDQLQWHUSRODWLRQ
EHWZHHQ WKH JURVV FURVVVHFWLRQDO SURSHUWLHV ,\ DQG WKH HIIHFWLYH FURVVVHFWLRQ SURSHUWLHV  FRP, V 
FDOFXODWHGDWDPD[LPXPVWUHVVOHYHO FRPV ZLWKLQWKHVSDQOHQJWK
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7KHFDOFXODWLRQSURFHVVLVWKHUHIRUHDVVKRZQEHORZXVLQJWKHFRQVWDQWPRGXOXVRIHODVWLFLW\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
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
$ WUDSH]RLGDO UXOH LV XVHG IRU WKH LQWHJUDWLRQRI WKH IXQFWLRQ WR FDOFXODWH WKHGHIOHFWLRQV DW PLG
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)LJDH SORWV WKH ORDG GHIOHFWLRQ FXUYHV DW WKH PLG VSDQ RI WKH WHVWHG VSHFLPHQV 7KH
GHIOHFWLRQVFDOFXODWHGE\XVLQJ WKH UHGXFHGVWLIIQHVVSUHVHQWHG LQ(XURFRGHDVSHU(TV
DUHSUHVHQWHG LQ WKH ILJXUHVXVLQJDGDVKHG OLQHDQGFRPSDUHGZLWK WKH WHVWHG FXUYHV DV VKRZQ LQ
)LJ)LJDOVRLQFOXGHVWKHORDGGHIOHFWLRQVSURGXFHGE\XVLQJWKHOLQHDUHODVWLFSURSHUWLHVRIWKH
WHVWHGFURVVVHFWLRQV%\FRPSDULQJWKHUHVXOWVSUHVHQWHGRYHUDZLGHUDQJHRIORDGOHYHOVLWLVVKRZQ
WKDWWKHOLQHDUHODVWLFPHWKRGJHQHUDOO\SURYLGHVDQXQGHUHVWLPDWLRQZKLOHWKH(XURFRGHPHWKRGLV
VOLJKWO\FRQVHUYDWLYHEHORZDORDGOHYHORIDSSUR[LPDWHO\ WLPHVRI WKHXOWLPDWHFDSDFLW\$IWHU
WKLVORDGOHYHOWKH(XURFRGHPHWKRGXQGHUHVWLPDWHVWKHGHIOHFWLRQ
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)LJ/RDGGHIOHFWLRQFXUYHVIRUWKHWHVWHGVSHFLPHQVDWPLGVSDQLQIRXUSRLQWEHQGLQJWHVWV

+RZHYHU WKH GHIOHFWLRQV DUH OLPLWHG E\ XVLQJ WKH VHUYLFHDELOLW\ ORDG OHYHOV DV LOOXVWUDWHG LQ
6HFWLRQ  7DEOH  WKHUHIRUH SUHVHQWV WKH GHIOHFWLRQV FDOFXODWHG DW WKH ORDG OHYHO RI  WLPHV
XOWLPDWHFDSDFLW\XVLQJERWKWKHOLQHDUHODVWLFDQGWKHHIIHFWLYHFURVVVHFWLRQDOSURSHUWLHV7KHXVHRI
OLQHDU HODVWLF SURSHUWLHV RI WKH FURVVVHFWLRQV IXOO VHFWLRQ SURSHUWLHV OHDGV WR XQGHUHVWLPDWHG
GHIOHFWLRQV FRPSDUHG WR WKH H[SHULPHQWDO UHVXOWV WKH DPRXQW RI WKH XQGHUHVWLPDWLRQ RI GHIOHFWLRQ
EHLQJ  RQ DYHUDJH ZLWK D VWDQGDUG GHYLDWLRQ RI  :KHQ XVLQJ WKH UHGXFHG FURVVVHFWLRQDO
SURSHUWLHVWRFDOFXODWHWKHGHIOHFWLRQV(XURFRGHRYHUHVWLPDWHVWKHGHIOHFWLRQVE\RQDYHUDJH
ZLWKDVWDQGDUGGHYLDWLRQRIDWWKHVHUYLFHDELOLW\ORDGOHYHO,WLVZRUWKQRWLQJWKDWWKHFDOFXODWHG
GHIOHFWLRQVDUHOHVVWKDQWKHOLPLWRI/DVSUHVHQWHGLQ6HFWLRQ
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
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
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7DEOH&RPSDULVRQRIWKHWHVWHGDQGFDOFXODWHGGHIOHFWLRQVXVLQJOLQHDUHODVWLFSURSHUW\DQG(XURFRGHDW
VHUYLFHDELOLW\ORDGOHYHO
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 (YDOXDWLRQRIWKHRSWLPLVDWLRQSURFHVV
7KH WHVWVDOVRDOORZHGDQHYDOXDWLRQRI WKHHIILFLHQF\RI WKHRSWLPLVDWLRQ IUDPHZRUNSUHYLRXVO\
SUHVHQWHG LQ > @ DQG EULHIO\ VXPPDUL]HG LQ 6HFWLRQ  :KLOH VHFWLRQ $ LV D VWDQGDUG
FRPPHUFLDOO\DYDLODEOHFURVVVHFWLRQDQGVHFWLRQ&LVDQDGGLWLRQDOQRQRSWLPXPVROXWLRQVVHFWLRQ
% LV WKHOLSSHGFKDQQHOZLWK WKHKLJKHVWFURVVVHFWLRQDOEHQGLQJFDSDFLW\VXEMHFW WR WKHGHVLJQDQG
PDQXIDFWXULQJ FRQVWUDLQWV SUHVHQWHG LQ (TV  ,W LV VHHQ IURP 7DEOH  WKDW WKH H[SHULPHQWV
FRQILUPWKHRSWLPLVDWLRQUHVXOWVDQGGHPRQVWUDWHWKDWWKHRSWLPLVHGOLSSHGFKDQQHOVHFWLRQW\SH%
RIIHUVDFRQVLGHUDEO\KLJKHUEHQGLQJFDSDFLW\FRPSDUHGWRWKHVWDQGDUGOLSSHGFKDQQHOVHFWLRQW\SH
$ ZLWK WKH VDPH DPRXQW RI PDWHULDO ,W LV VHHQ WKDW WKH DGRSWHG RSWLPLVDWLRQ PHWKRG HYHQ DIWHU
FRQVLGHULQJGHVLJQDQGPDQXIDFWXULQJFRQVWUDLQWVZDVDEOH WR LQFUHDVH WKHFURVVVHFWLRQDOEHQGLQJ
FDSDFLW\E\DQGWKHFDSDFLW\RIWKHODWHUDOO\XQUHVWUDLQHGEHDPE\
7KH VHUYLFHDELOLW\ UHTXLUHPHQW KDV EHHQ WDNHQ LQWR DFFRXQW DV D FRQVWUDLQW LQ WKH RSWLPLVDWLRQ
IUDPHZRUN7KHHIIHFWLYHFURVVVHFWLRQDOSURSHUWLHVKDYHEHHQXVHGLQWKHFDOFXODWLRQRIGHIOHFWLRQV
LQ WKH VWDQGDUG DQG RSWLPLVHG EHDPV ,W ZDV IRXQG WKDW WKH VHUYLFHDELOLW\ FRQVWUDLQWV KDYH EHHQ
DXWRPDWLFDOO\VDWLVILHGZLWKLQWKHRSWLPLVDWLRQSURFHVV7KLVKDVEHHQFRQILUPHGLQWKHH[SHULPHQWDO
VWXG\ WKDW WKHGHIOHFWLRQRI WKHRSWLPLVHG FURVVVHFWLRQ &URVVVHFWLRQ% DW WKH VHUYLFHDELOLW\ ORDG
OHYHOLVOHVVWKDQWKDWRIWKHVWDQGDUGFURVVVHFWLRQ&URVVVHFWLRQ$
 &RQFOXVLRQV
$ WRWDO RI VL[EDFNWREDFNEHDPV FRQVWUXFWHG IURP OLSSHGFKDQQHOVZLWK WKUHHGLIIHUHQW FURVV
VHFWLRQDO JHRPHWULHV ZHUH WHVWHG WR LQYHVWLJDWH WKH LQWHUDFWLRQ EHWZHHQ ORFDO DQG GLVWRUWLRQDO
EXFNOLQJDQGWRYHULI\DSUHYLRXVO\SURSRVHGRSWLPLVDWLRQIUDPHZRUN7KHVSHFLPHQVZHUHWHVWHGLQ
DIRXUSRLQWEHQGLQJFRQILJXUDWLRQZLWKVLPSO\VXSSRUWHGERXQGDU\FRQGLWLRQVZKLOHEHLQJODWHUDOO\
 
EUDFHGFORVHWRWKHVXSSRUWV7KHJHRPHWULFLPSHUIHFWLRQVZHUHUHFRUGHGEHIRUHDQGDIWHUWKHEDFNWR
EDFNVSHFLPHQVZHUHDVVHPEOHG&RXSRQVH[WUDFWHGIURPWKHIODWSRUWLRQVDQGWKHFRUQHUUHJLRQVRI
HDFKFURVVVHFWLRQW\SHZHUHDOVRWHVWHGWRGHWHUPLQHPDWHULDOSURSHUWLHV7KHXOWLPDWHFDSDFLWLHVRI
WKHWHVWHGEHDPVZHUHSUHGLFWHGE\XVLQJ(XURFRGHGHVLJQPHWKRGDQGGHIOHFWLRQVZHUHFDOFXODWHG
E\WKHOLQHDUHODVWLFPHWKRGDQGWKH(XURFRGHUHGXFHGVWLIIQHVVPHWKRG7KHIROORZLQJFRQFOXVLRQV
FDQEHREWDLQHGIURPWKLVSDSHU
$OOVSHFLPHQVIDLOHGGXHWRLQWHUDFWLRQRIORFDODQGGLVWRUWLRQDOEXFNOLQJZLWKORFDOEXFNLQJ
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